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ABSTRACT 22 
Objective: Melanoma is on the rise, especially in Caucasian populations exposed to high 23 
ultraviolet radiation such as in Australia. This paper examined the psychological components 24 
facilitating change in skin cancer prevention or early detection behaviours following a text 25 
message intervention. 26 
Methods: The Queensland-based participants were 18 to 42 year olds, from the Healthy Text 27 
study (N=546). Overall, 512 (94%) participants completed the 12-month follow-up 28 
questionnaires. Following the social cognitive model, potential mediators of skin self-29 
examination (SSE) and sun protection behaviour change were examined using stepwise 30 
logistic regression models. 31 
Results:  32 
At 12-month follow-up, odds of performing a SSE in the past 12 months were mediated by 33 
baseline confidence in finding time to check skin (an outcome expectation), with a change in 34 
odds ratio of 11.9% in the SSE group versus the control group when including the mediator. 35 
Odds of greater-than-average Sun Protective Habits (SPH) index at 12-month follow-up were 36 
mediated by 1) attempt to get a suntan at baseline (an outcome expectation), and 2) baseline 37 
SPH index, with a change in odds ratio of 10.0% and 11.8% respectively in the SSE group 38 
versus the control group. 39 
Conclusions: Few of the suspected mediation pathways were confirmed with the exception 40 
of outcome expectations and past behaviours. Future intervention programmes could use 41 
alternative theoretical models to elucidate how improvements in health behaviours can 42 
optimally be facilitated. 43 
  44 
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BACKGROUND 45 
Melanoma has become very common worldwide [1, 2]. In Australia, melanoma is the third 46 
most common cause of new cancer cases among both males (after prostate and bowel 47 
cancer), and females (after breast and bowel cancer), with an estimated 12,510 new cases 48 
each year [3].  49 
Intervention programs of skin self-examination (SSE) and sun protective behaviours 50 
guided by psychosocial models of behaviour change have reported varying levels of 51 
effectiveness [4-7]. More recently, health promotion programs delivery via computer-based 52 
or short-message-services (SMS) have shown promise [8-10]. Understanding the pathways 53 
through which behaviour change occurs is important in order to tailor programs effectively. 54 
In addition to socio-demographic variables such as gender and socio-economic status [4], 55 
social cognitive variables including attitudes, beliefs and perceptions differ widely among 56 
individuals and influence responsiveness to health behaviour change programs [11-13].  57 
Social cognitive models such as protection motivation theory and self-efficacy theory 58 
have been previously used to design health behaviour interventions [14]. Only a few studies 59 
[13, 15-21] have examined the role of social cognitive constructs in improving skin cancer 60 
prevention, and factors included in these analyses have not been comprehensive of the social 61 
cognitive model framework. None of these previous studies explored the mediation pathways 62 
for a text-message delivered intervention.  63 
This study assessed 18 potential mediators of the effect of the intervention on a) self-64 
reported SSE, and b) a composite score of sun protective behaviour. 65 
METHODS 66 
The Healthy Text Study (approved by the Queensland University of Technology’s 67 
Human Research Ethics Committee, QUT 1100000942) enrolled 546 participants (368 68 
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females, 178 males) aged 18 to 42 years from the Queensland electoral and Medicare rolls. 69 
Participants were randomly assigned to one of three groups: attention-control (n=183) - short 70 
message service (SMS) messages encouraging physical activity; intervention group one 71 
(n=176) - equal number of messages encouraging SSE; or intervention group two (n=187) - 72 
sun protection messages [22, 23]. Each participant completed baseline questionnaires before 73 
randomisation, received weekly SMS over the next 12 weeks (three-month assessment), then 74 
monthly SMS for a further nine months prior to completing a 12-month follow-up 75 
questionnaire (n=512, 94%). Message content was designed according to social cognitive 76 
theory [24]. Text messages were personalised with participants’ first name, baseline skin 77 
cancer risk profile, sun protection, SSE, and physical activity characteristics (see Appendix 78 
A).     79 
Main outcome measures 80 
The main outcome measure for SSE was: “Just within the past 12 months, have you or 81 
someone who is not a doctor, such as your spouse or partner, deliberately checked any part of 82 
your skin for early signs of cancer”? 83 
For sun protection behaviour, the main outcome measure was the Sun Protection 84 
Habits (SPH) index described by Glanz et al [25]: a composite score composed of seven 85 
questions about sun protective behaviours measured by a 4-point Likert scale. Scores were 86 
averaged to create the SPH index. For the mediation analysis, the SPH index was 87 
dichotomised at the mean observed value of 2.49.  88 
Potential mediators 89 
Baseline variables were included in the mediation analysis according to the social cognitive 90 
model described by Bandura [24]. Variables fell into one of six categories: a) demographic 91 
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information; b) self-efficacy; c) perceived environmental opportunity; d) social support; e) 92 
goal-setting; and f) outcome expectations (variables and response scales are listed in 93 
Appendix B). 94 
Statistical methods 95 
Bivariate logistic regression models were fitted to each outcome with SMS group as a 96 
predictor variable. These models were then expanded to also include one of the potential 97 
mediators. The extent to which a variable (e.g., baseline self-efficacy) explained 98 
improvements in SSE or sun protection behaviours was determined by the change-in-estimate 99 
method [26]. The percentage change in the odds ratio (OR) was calculated according to the 100 
formula [(adjusted OR – unadjusted OR)/(unadjusted OR – 1.00)] × 100. The change to the 101 
OR of the intervention groups versus the control groups as a result of adding each potential 102 
mediator variable into the model was compared. If more than one mediator was found, these 103 
were then added in a stepwise approach until the maximal change from the base model was 104 
observed. There is a paucity of literature describing formal tests of mediation for binary 105 
outcomes. However, a change in the OR from the original model of more than 10% as 106 
suggested for the change-in-estimate method [26] was considered to be clinically significant 107 
and taken as an indication of a mediating effect. All analyses were performed using SAS 9.3.  108 
RESULTS 109 
Baseline characteristics have been reported previously [22, 23]. Results from the models for 110 
the outcomes variables are reported in Tables 1 and 2, respectively. At the 12-month follow-111 
up, the outcome expectation of being confident of finding time in the next three months to 112 
check their skin was a significant mediator for SSE in the past 12 months in the skin self-113 
examination group, with a change in the OR for that group compared to the control group of 114 
11.9%. All other baseline variables examined resulted in a change in the OR from the base 115 
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model of < 10%. Models for SSE at any time in the past and SSE in the past three months 116 
showed similar results, with being confident of finding time in the next three months to check 117 
their skin identified as the only mediator (data not shown). 118 
For the SPH index at the 12-month follow-up, two significant mediators were 119 
identified: 1) the outcome expectation of having made an attempt to get a suntan in the past 120 
12 months, with a change in the OR for the skin self-examination group versus the control 121 
group of 10.0%, and 2) higher baseline SPH index, with a change in the OR for the skin self-122 
examination group versus the control group of 11.8%. When both were added into the same 123 
model, the OR percentage change for the baseline SPH index was 19.6%. 124 
CONCLUSIONS 125 
This study found that outcome expectation of being able to find time in the next three months 126 
to check their skin mediated the intervention effect on SSE behaviour at 12-months follow-127 
up. It was also found that the outcome expectation of having made an attempt to get a suntan 128 
in the past 12 months and baseline SPH index were mediators of sun protective behaviour at 129 
12-months follow-up. The latter was the more important mediator, as shown by the increase 130 
in percentage change from 11.8 to 19.6%. Given that the baseline SPH index reflects the 131 
degree of self-efficacy of using sun protection, this is in line with social cognitive model 132 
predictions, and confirms findings by others that outcome expectations and self-efficacy play 133 
a major role in adopting new health behaviours or increasing those already performed [27]. 134 
These results confirm the importance of building healthy habits as it appears easier to further 135 
improve a health behaviour already established as part of a person’s routine than to build a 136 
completely new behaviour [28].  137 
Different to results reported from mediation analyses by others [15, 21], this study did 138 
not confirm social support as a mediator of SSE. In contrast, Robinson et al. [16] reported 139 
7 
 
that a higher quality of relationship with their partner was a mediator for higher self-efficacy 140 
for SSE. However, the present study used a different measure of social support and may have 141 
missed the social support aspects most relevant for SSE. Future research could determine 142 
how relevant others could best support people at risk of skin cancer to conduct SSE and 143 
whether those specific social support parameters have a direct impact on future behavioural 144 
performance.   145 
In our study, threat information affected behavioural intentions somewhat more than 146 
coping information. The current intervention may not have been intensive enough however, 147 
with only 21 text messages sent over one year, to result in a significant increase in 148 
participants’ self-efficacy or confidence in performing SSE. Previous studies with different 149 
populations have indicated that more intensive or face-to-face interventions may lead to a 150 
greater change in SSE behaviour [29-32]. Future studies could include vivid (but not 151 
overpowering) illustrations of the effect of sun damage on the skin, or partner-relevant 152 
messaging, to complement the short messages when texting. Similar to findings reported by 153 
Craciun et al. [18], the current study found one component intrinsically determined by ones 154 
self-efficacy – the baseline SPH index – to be a mediator for sun protective behaviour. 155 
However, different to this report, the current study did not find goal-setting to be a significant 156 
mediator. This suggests that self-efficacy may be a key predictor of behaviour change more 157 
distal than planning. According to social cognition models, intervening on motivational 158 
variables (self-efficacy, outcome expectations, and perceived threat) would have a flow-on 159 
effect to all intermediate variables (intention and planning) and thus on outcome behaviour.  160 
Limitations of the current study are that participants’ preference for the allocated text 161 
message group was not assessed, but may have affected their level of self-efficacy and 162 
motivation in performing the recommended behaviour, and thus, overall intervention 163 
effectiveness. The trial had a low recruitment rate (4.5%) similar to other text messaging 164 
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interventions and the participants were probably more ready to accept text-delivered health 165 
advice than the general population. Furthermore, baseline SPH index was a significant 166 
mediator of sun protective behaviours at 12-month follow-up, and this could mean that a 167 
greater change could be obtained in this sample than among the general population with 168 
lower levels of sun protection. Finally, the impact of text messaging may have diminished 169 
over time and longer studies are needed to assess this. Strengths of the study include its 170 
randomised design, comparison to an attention-control group, and the low attrition.  171 
In conclusion, this study provides some insight into the psychosocial mechanisms that 172 
mediate intervention effect on SSE and sun protective behaviours. Further studies could 173 
specifically target the planning aspects and social support components found to be important 174 
in mediating sun-safe behaviour, but not sufficiently impacted by the present intervention. 175 
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Table 1. Effect of potential mediators to odds ratio estimates of any skin self-examination (SSE) over past 12 months at 12-month follow-up. 
The Base model for “SSE group vs. Control” compares the odds ratio of performing a SSE over the past 12 months in the SSE intervention 
group versus the control group, and subsequent rows report how this base odds ratio changes with the addition of one potential mediator to the 
model, and similarly for the “Sun protect group vs. Control” section. 
 Potential Mediator  SSE group vs. Control  Sun protect group vs. Control 
 OR LL UL P  OR LL UL P % 
change 
 OR LL UL P % 
change 
Base model - - - -  2.49 1.60 3.87 <0.0001   1.27 0.84 1.91 0.24  
Potential baseline mediators:                 
 Age 1.05 1.02 1.08 0.001  2.48 1.59 3.87 0.0001 -0.40  1.28 0.84 1.94 0.27 1.03 
 BMI 1.05 1.01 1.09 0.006  2.59 1.65 4.05 <0.0001 3.86  1.29 0.85 1.95 0.24 1.82 
 Plans to reduce risk of skin 
cancer 
1.15 0.98 1.35 0.08  2.50 1.60 3.89 <0.0001 0.40  1.26 0.83 1.90 0.22 -0.71 
 Plans to check skin for early 
signs of skin cancer in the future 
1.38 1.18 1.62 <0.0001  2.54 1.62 3.99 <0.0001 2.25  1.21 0.80 1.84 0.15 -4.19 
 Has made an attempt to get a 
suntan in the past 12 months 
1.41 0.84 2.38 0.20  2.40 1.54 3.75 0.0002 -3.54  1.26 0.83 1.90 0.27 -0.55 
 Uses sun protection mainly to:                 
 Protect themselves from 
sunburn 
1.24 0.84 1.82 0.28  2.50 1.61 3.90 <0.0001 0.56  1.27 0.85 1.92 0.25 0.63 
 Prevent premature ageing 0.59 0.25 1.35 0.21  2.52 1.62 3.93 <0.0001 1.29  1.29 0.85 1.95 0.27 1.82 
 Both of the above 0.99 0.65 1.50 0.96  2.49 1.60 3.87 <0.0001 0.04  1.27 0.84 1.91 0.24 0.08 
 Believes they are likely to get 
skin cancer at some time in the 
future 
1.59 1.22 2.07 0.0005  2.47 1.58 3.87 <0.0001 -0.56  1.26 0.83 1.92 0.21 -0.24 
 Is confident they can check their 
own skin correctly 
1.21 1.13 1.30 <0.0001  2.64 1.68 4.16 <0.0001 6.23  1.25 0.82 1.91 0.17 -1.03 
 Is confident they will find time 
in the next 3 months to check 
their skin 
1.21 1.14 1.29 <0.0001  2.78 1.75 4.43 <0.0001 11.90  1.26 0.82 1.94 0.15 -0.32 
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 Do you have a regular general 
practitioner (GP) 
1.36 0.90 2.07 0.14  2.54 1.63 3.96 <0.0001 2.09  1.28 0.85 .93 0.24 0.87 
 Do you regularly visit your GP 
for health check-ups? 
1.35 0.91 2.01 0.13  2.43 1.56 3.79 0.0001 -2.25  1.26 0.83 1.90 0.25 -0.63 
 Has your doctor ever provided 
you with information about sun 
protection? 
2.13 1.36 3.35 0.001  2.42 1.55 3.78 0.001 -2.73  1.25 0.83 1.90 0.25 -1.11 
 Their doctor has shown them 
how to check their own skin for 
early signs of skin cancer 
2.25 1.44 3.52 0.0004  2.50 1.60 3.91 <0.0001 0.60  1.24 0.82 1.88 0.19 -2.29 
 Believes that if they regularly 
protect their skin from the sun 
they are in danger of not getting 
enough Vitamin D 
1.33 1.13 1.56 0.0005  2.54 1.63 3.98 <0.0001 2.25  1.33 0.87 2.01 0.33 4.66 
 Believes that exposing their skin 
to the sun without sun protection 
contributes to the premature 
ageing of their skin 
0.82 0.63 1.05 0.12  2.46 1.58 3.83 <0.0001 -1.13  1.26 0.84 1.91 0.25 -0.24 
 Baseline skin self-examination 
in past 12 months 
4.71 3.22 6.90 <0.0001  2.54 1.58 4.07 0.0001   2.05  1.28 0.82 1.98 0.27 0.79 
 Baseline sun protection score 2.39 1.66 3.46 <0.0001  2.52 1.61 3.97 <0.0001 1.45  1.24 0.81 1.88 0.19 -2.21 
 Baseline efficacy of PA score 1.28 1.00 1.63 0.05  2.41 1.55 3.76 0.0001 -2.98  1.25 0.83 1.89 0.25 -0.95 
 Baseline efficacy of SSE score 1.65 1.33 2.04 <0.0001  2.52 1.60 3.96 <0.0001 1.33  1.21 0.79 1.84 0.15 -4.74 
 Baseline efficacy of sun 
protection score 
1.25 0.97 1.62 0.09  2.46 1.58 3.84 <0.0001 -0.97  1.26 0.83 1.90 0.24 -0.71 
 Baseline PA support score 1.09 0.90 1.33 0.36  2.47 1.59 3.84 <0.0001 -0.72  1.27 0.84 1.91 0.25 0.08 
 Baseline SSE support score 1.35 1.15 1.58 0.0003  2.55 1.63 3.99 <0.0001 2.37  1.28 0.85 1.94 0.25 1.26 
 Baseline sun protection support 
score 
1.74 1.40 2.15 <0.0001  2.45 1.55 3.85 <0.0001 -1.69  1.19 0.78 1.82 0.16 -5.85 
SSE=skin self‐examination, OR=odds ratio, LL=lower limit of 95% confidence interval, UL=upper limit of 95% confidence interval, P=p value, BMI=body mass index, 
PA=physical activity   
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Table 2. Effect of potential mediators to odds ratio estimates Sun Protection Habits (SPH) index score greater than mean value at 12-month 
follow-up. The Base model for “SSE group vs. Control” compares the odds ratio of having a greater than average SPH index in the SSE 
intervention group versus the control group, and subsequent rows report how this base odds ratio changes with the addition of one potential 
mediator to the model, and similarly for the “Sun protect group vs. Control” section. 
 Potential Mediator  SSE group vs. Control  Sun protect group vs. Control 
 OR LL UL P  OR LL UL P % 
change 
 OR LL UL P % 
change 
Base model      1.76 1.14 2.73 0.05   1.46 0.94 2.24 0.63  
Potential baseline mediators:                 
 Age 1.04 1.01 1.07 0.02  1.75 1.13 2.72 0.06 -0.68  1.48 0.96 2.29 0.55 1.86 
 BMI 1.00 0.97 1.04 0.87  1.75 1.13 2.71 0.05 -0.96  1.44 0.94 2.22 0.65 -0.96 
 Plans to reduce risk of skin cancer 1.73 1.45 2.05 <0.0001  1.83 1.16 2.90 0.03 3.91  1.44 0.92 2.27 0.75 -0.89 
 Plans to check skin for early signs 
of skin cancer in the future 
1.38 1.18 1.62 <0.0001  1.77 1.13 2.77 0.03 0.51  1.38 0.89 2.14 0.87 -5.50 
 Has made an attempt to get a 
suntan in the past 12 months 
0.45 0.26 0.78 0.004  1.94 1.24 3.04 0.02 10.04  1.49 0.96 2.30 0.73 2.34 
 Uses sun protection mainly to:                 
  Protect themselves from 
sunburn 
0.57 0.38 0.85 0.006  1.77 1.14 2.75 0.05 0.34  1.45 0.94 2.24 0.65 -0.34 
  Prevent premature ageing 1.36 0.55 3.35 0.51  1.75 1.13 2.72 0.049 -0.57  1.44 0.94 2.23 0.65 -0.82 
  Both of the above 1.74 1.13 2.66 0.01  1.76 1.13 2.74 0.05 -0.11  1.46 0.95 2.26 0.61 0.41 
 Believes they are likely to get 
skin cancer at some time in the 
future 
1.01 0.78 1.30 0.94  1.76 1.14 2.73 0.05 -0.06  1.47 0.95 2.27 0.59 1.10 
 Is confident they can check their 
own skin correctly 
1.10 1.02 1.18 0.01  1.80 1.15 2.80 0.04 1.87  1.45 0.94 2.24 0.68 -0.48 
 Is confident they will find time in 
the next 3 months to check their 
skin 
1.11 1.05 1.18 0.0003  1.82 1.17 2.85 0.03 3.35  1.44 0.93 2.24 0.73 -0.76 
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 Do you have a regular general 
practitioner (GP) 
1.67 1.08 2.56 0.02  1.80 1.16 2.81 0.04 2.27  1.48 0.96 2.28 0.62 1.37 
 Do you regularly visit your GP 
for health check-ups? 
1.38 0.93 2.05 0.11  1.72 1.11 2.67 0.06 -2.38  1.45 0.94 2.23 0.60 -0.55 
 Has your doctor ever provided 
you with information about sun 
protection? 
1.26 0.83 1.93 0.28  1.75 1.13 2.71 0.05 -0.79  1.45 0.94 2.24 0.62 -0.07 
 Their doctor has shown them how 
to check their own skin for early 
signs of skin cancer 
1.37 0.90 2.09 0.14  1.77 1.14 2.74 0.04 0.11  1.44 0.93 2.2 0.67 -0.96 
 Believes that if they regularly 
protect their skin from the sun 
they are in danger of not getting 
enough Vitamin D 
1.15 0.97 1.35 0.10  1.77 1.14 2.75 0.05 0.51  1.50 0.97 2.32 0.53 3.16 
 Believes that exposing their skin 
to the sun without sun protection 
contributes to the premature 
ageing of their skin 
0.68 0.52 0.89 0.005  1.73 1.11 2.70 0.06 -1.64  1.47 0.95 2.27 0.57 0.82 
 Baseline skin self-examination in 
past 12 months 
1.67 1.17 2.39 0.005  1.70 1.09 2.65 0.07 -3.46  1.42 0.92 2.20 0.65 -2.20 
 Baseline sun protection score 12.50 7.47 20.9 <0.0001  1.97 1.19 3.28 0.04 11.80  1.57 0.96 2.58 0.61 7.97 
 Baseline efficacy of PA score 1.31 1.02 1.69 0.03  1.72 1.10 2.67 0.06 0.93  1.44 0.93 2.22 0.62 -1.10 
 Baseline efficacy of SSE score 1.45 1.17 1.79 0.0006  1.71 1.10 2.67 0.05 -2.89  1.38 0.89 2.14 0.78 -5.15 
 Baseline efficacy of sun 
protection score 
2.35 1.73 3.18 <0.0001  1.72 1.09 2.70 0.07 -2.61  1.43 0.92 2.24 0.65 -1.72 
 Baseline PA support score 1.23 1.01 1.50 0.04  1.74 1.12 2.71 0.06 -1.13  1.45 0.94 2.24 0.61 -0.21 
 Baseline SSE support score 1.33 1.13 1.57 0.0006  1.79 1.15 2.80 0.04 1.76  1.47 0.95 2.28 0.62 1.31 
 Baseline sun protection support 
score 
1.49 1.22 1.82 <0.0001  1.69 1.08 2.64 0.06 -4.25  1.37 0.88 2.12 0.79 -6.05 
SSE=skin self‐examination, OR=odds ratio, LL=lower limit of 95% confidence interval, UL=upper limit of 95% confidence interval, P=p value, BMI=body mass index, 
PA=physical activity 
